Adsorption Isotherm Studies of Chromium (VI) from Aqueous Solutions Using Jordanian Pottery Materials  by Al-Sou’od, Khaldoun
 APCBEE Procedia  1 ( 2012 )  116 – 125 
2212-6708 © 2012  The  Authors . Published  by  Elsevier  B .V .
Selection and/or peer review under responsibility of Asia-Pacifi c Chemical, Biological & Environmental Engineering Society
doi: 10.1016/j.apcbee.2012.03.020 
 
ICESD 2012: 5-7 January 2012, Hong Kong  
Adsorption Isotherm Studies of Chromium (VI) from 
Aqueous Solutions Using Jordanian Pottery Materials 
Khaldoun Al-Sou'od∗ 
Department of Chemistry, Faculty of Science, Al al-Bayt University, P.O. Box 130040, Mafraq 25113,Jordan  
Abstract 
Removal of Cr(VI) from aqueous solution using low-cost adsorbents such as Jordanian Pottery materials under 
different experimental conditions was investigated in this study. The effects of initial metal concentration, agitation 
time, pH on the removal of Cr(VI) were studied. In order to investigate the sorption isotherm, four equilibrium 
models, Langmuir, Freundlich, Dubinin and Radushkevich, and Tempkin isotherm models, were analyzed. The effect 
of solution pH on the adsorption onto pottery was studied in the pH range 1-5.  Adsorption of Cr(VI) is highly pH-
dependent and the results indicate that the optimum pH for the removal was found to be 3 for all types of pottery 
materials. The thermodynamic parameters (free energy change G, enthalpy change S and entropy change H) ǂ ǂ ǂ
for the adsorption have been evaluated and therefore, it was showed the spontaneous and endothermic process of the 
adsorption of Cr(VI) on the pottery materials. 
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1. Introduction 
Water is typically referred to as polluted when it contains harmful contaminants that can affect the 
chemical and biological equilibrium of the water system. Chromium is a common pollutant introduced 
into natural waters due to the discharge of a variety of industrial wastewaters [1,2].  The maximum limit 
for chromium (VI) concentration in drinking water is 0.05 mg/L [3]. 
Hexavalent chromium is present in the effluents produced during the electroplating, leather tanning, 
cement, mining, dyeing and fertilizer and photography industries and causes severe environmental and 
public health problems [4]. Most of the hexavalent compounds are toxic, carcinogenic and mutagenic and 
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even it can cause lung cancer also [5,6]. 
Several methods such as adsorption [7], biosorption, reduction, and filtration reverse osmosis, ion-
exchange, foam flotation, electrolysis, and surface adsorption have been reported for chromium removal 
[8]. A variety of materials have been tried as adsorbents for removal Cr(VI) from waste and drinking 
water [2, 9].  
A survey of the literature has shown that only very small attempt has been made to use a pottery to 
remove heavy metals. Jordanian pottery was chosen due to its low cost, its granular structure, insolubility 
in water, chemical stability and local availability [10]. The objective of this work is to use raw and 
modified Jordanian Pottery materials to remove Cr(VI) from aqueous solution. The equilibrium of 
adsorption was modelled by using the Langmuir, Freundlich, Dubinin –Radushkevich and Tempkin 
isotherms. The effect of pH, time, initial concentrations and temperature on the percentage of adsorption 
have also been investigated 
2. Materials and methods 
2.1. Adsorbent 
A Pottery used in this study was supplied by a factory near Zarqa (40 km Eastern Amman). Zeolite 
name is phillipsite and has the chemical formula (KCa(Si5Al3)O16.6H2O. All reagents used were of AR 
grade (Sigma-Aldrich, Germany). 
2.2. Sample preparation 
Samples of raw and modified pottery materials were prepared and treated as in the literature [17]. The 
resulting samples were mixed in different quantities with a pottery as shown in Table 1. 
Table 1. Labeling of pottery samples 
Sample Composition 
I 100% pottery 
II 90% pottery + 10% Al2O3 
III 90% pottery + 10% zeolite 
IV 90% pottery + 10% TiO2 
V 70% pottery + 30% (Al2O3 + TiO2+ zeolite) 
2.3. Adsorption tests  
Batch experiments with various pottery materials were conducted to investigate the parametric effects 
of initial adsorbate concentration on Cr(VI) adsorption. All reagents used were of AR grade (Sigma-
Aldrich, Germany). Chromium samples were prepared by dissolving a known quantity of potassium 
dichromate (K2Cr2O7) in double-distilled water and used as a stock solution and diluted to the required 
initial concentration (range: 50 to 400 mg·l-1).  
100.0 mL Cr(VI) solution with different initial concentrations (50-400 ppm) was added to screw-cap 
conical flask already containing 1.0 g of raw or modified pottery (particle size  250 μm). The mixture 
was mechanically shacked at a speed of 200 r·min-1  with a temperature-controlled water bath at various 
pH values (1-5). 
At the end of contact periods, final pH of suspensions (pHf) were measured and the mixtures were 
centrifuged at 3500 rpm for 10 min. Unicam, UV2-100 spectrophotometer was employed with 1,5-
diphenylcarbazide in acid medium to determine the remaining concentrations of Cr(VI) in the sample. 
The filtrate was analyzed for the remaining Cr(VI) concentration.  
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To estimate the amount of chromium ion removal (in mg g-1) from aqueous solution the following 
equation was used: 
V
m
CCq eie
−
=                                                                                                   (1) 
where Ci and Ce are the initial and equilibrium concentrations (mg/L), m is the mass of pottery (g), and V 
is the volume of the solution (L).  
The percent adsorption (%) is calculated using the equation 
 100% ×−=
e
ei
C
CCadsorption                                                                                 (2) 
3. Results and discussion 
3.1. Effect of contact time  
Effect of contact time between pottery materilas and Cr(VI) solution is shown in Figure 1.  Gradual 
increase in the %chromium (VI) removal with increasing time is observed. After around 200 minutes, 
little change in the %chromium (VI) removal is seen, which may indicate that the system has already 
achieved equilibrium. Maximum adsorption of chromium (VI) ions has been reached and no further 
removal occurs even for longer contact time. Thus, no further experiments were done after 300 minutes. 
3.2. Adsorption Isotherm 
The sorption isotherm represents the relationship between the amount adsorbed by a unit weight of 
solid sorbent and the amount of solute remaining in the solution at equilibrium.  
Four different adsorption isotherms were used in order to correlate the equilibrium adsorption data. 
The adsorption isotherms used here were the Langmuir, Freundlich, Dubinin and Radushkevich, and 
Tempkin isotherm models. 
Both Langmuir and Freundlich isotherm models have been shown to be suitable for describing short-
term and monocomponent adsorption of metal ions by different materials [12,13]. Dubinin –
Radushkevich model was chosen to estimate the characteristic porosity of the biomass and the apparent 
energy of adsorption. TheTempkin adsorption isotherm model was chosen to evaluate the adsorption 
potentials of the adsorbent for adsorbates [2, 10]. 
So, in order to investigate the sorption capacity of pottery, these equilibrium models were fitted using 
linear and nonlinear least squares methods to the experimental data.  
The value of the mean percentage error, obtained from Eq. (3) and the correlation coefficients, R2, 
have been used as a test criterion for the fit of the correlation. 
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3.2.1. Langmuir Model 
The Langmuir equation is the most widely used two-parameter equation, commonly expressed as 
o
e
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1                                                   (4) 
where Ce is the equilibrium concentration of Cr(VI) remaining in the solution(mgdm-3). qe is the amount 
of adsorbate adsorbed per mass unit of adsorbent at equilibrium    (mgg-1). Qo and b are Langmuir 
constants. Langmuir equation can be used to calculate the maximum adsorption Qo (mgg-1) and the 
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energy parameter of adsorption b (dm3mg-1). The Langmuir constants Qo and b, are calculated using the 
slope and intercept of the line, obtained from the plot of Ce/qe νs Ce (Figure 1). 
The linear plots of Ce/qe νs. Ce for different adsorbents (Figure 2) suggests the applicability of the 
Langmuir adsorption isotherm and indicates the formations of monolayer coverage of the sorbate at the 
outer surface of the sorbent. The straight line plot shows the applicability of the model for adsorbents 
studied. Langmuir monolayer adsorption capacity (Qo) for samples I to V were in the order     V < I < IV 
< III < II  
The last trend indicates that the addition of Al2O3 or zeolite to the raw pottery will increase the 
adsorption capacity, while the addition of TiO2 will reduce its capacity toward heavy metal that studied.  
The maximum value of adsorption capacity (qmax) obtained in this work is 28.8 mgg-1. Table 2 
summarized the reported values of qmax in the literature using low cost materials 
The adsorption equilibrium parameter, b, shows a decreasing trend of 0.0866 to 0.794 Lmol-1 with the 
following trend       I < IV < II < V <III 
Langmuir constants and correlation coefficients are given in Table 3. 
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Fig. 1. Linearized form of Langmuir isotherm for the adsorption of Cr(VI) onto raw and modified clay's pottery at 25oC.   
Table 2. Reported maximum adsorption capacities (qmax in mg/g) in the literature for chromium obtained on low-cost adsorbents 
Adsorbent qmax (mgg-1) reference 
Almond  10.62 14 
Coconut husk fibers 29.00  15 
Eucalyptus bark  45.00 16 
Red mud  75.00 17 
Coal  6.78 14 
Sago waste activated carbon  5.78 18 
Saw dust  20.70 19 
Neem bark  19.60 19 
Fly ash  23.86 19 
pine needles  40.00 4 
Jordanian pottery materials 28.8 Present work 
3.2.2. Freundlich model 
The Freundlich isotherm is an empirical equation and shown to be satisfactory for low concentrations. 
Freundlich isotherm model has the following linear form: 
log qe = log kF + 1/n log Ce                                                                                       (5) 
where Ce and qe have the same meaning; KF and 1/n are constants that are considered to be relatively 
indicators of adsorption capacity (or related to the bonding energy)and adsorption intensity , respectively. 
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A value for 1/n below one indicates a Langmuir-type isotherm because it becomes more and more 
difficult to adsorb additional adsorbate molecules at higher adsorbate concentrations [20]. A plot of log qe 
νs. log Ce enables the empirical constants kF and 1/n to be determined from the slope and intercept of the 
linear regression as shown in Figure 2. 
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Fig. 2. Linearized form of Freundlich isotherm for the adsorption of Cr(VI) onto modified clay's pottery at 25oC.   
3.2.3. Dubinin and Radushkevich isotherm 
Another equation used in the analysis of isotherms was proposed by Dubinin and Radushkevich [23]. 
The model is represented by the equation 
)exp( 2εBqq se −=                                                                                    (6) 
Where, qs is is the theoretical maximum capacity (mol/g) and its related to the degree of sorbate 
sorption by the sorbent surface and B is the D-R model constant (mol2/kJ2) and its is related to the mean 
free energy (E) of sorption per mole of the sorbate as it migrates to the surface of the adsorbent from 
infinite distance in the solutionand can be computed using the following relationship [21]. 
B
E
2
1
=                                                            (7) 
ε is the Polanyi potential and is equal to:
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·
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The Linear form of equation (6) is given as: 
lnqe = lnqs –Bε2                   (9) 
The plots of In qe versus ε2, yielded straight lines and indicates a good fit of the isotherm to the 
experimental data. The values of qs and B calculated from the intercepts slopes of the plots respectively 
are shown on Table 3. 
3.2.4. Tempkin isotherm 
Tempkin isotherm contains a factor that explicitly takes into account adsorbing speciesadsorbate 
interactions. This isotherm assumes that: (i) the heat of adsorption of all the molecules in the layer 
decreases linearly with coverage due to adsorbate-adsorbate interactions, and (ii) adsorption is 
characterized by a uniform distribution of binding energies, up to some maximum binding energy 
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[22].Tempkin isotherm has generally been applied in the following linear form: 
)ln( eTe CKb
RTq =   (10)  
The linear form of equation (10)  
qe = B1lnKT + B1lnCe                                                                                 (11) 
where B = RT/b 
b
RTB =1                                        (12) 
The adsorption data can be analyzed according to equation (11). A plot of qe versus lnCe (Figure is not 
shown) enables the determination of the isotherm constants KT and B1 as shown in Table 3.  KT is the 
equilibrium binding constant (L/mol) corresponding to the maximum binding energy and constant B1 is 
related to the heat of adsorption.  
Table 3 depicts the comparison of experimental and predicted amount of chromium adsorbed on raw 
and modified pottery materials for all the isotherm models studied. 
Table 3. Isotherm constants and correlation coefficients by linear regression 
Clay's pottery         Langmuir isotherm Freundlich isotherm             Tempkin D-R 
 Qo 
(mgg-
1) 
b 
(Lmol-1) 
R2 kF 
(mg1-1/nL1/ng-1)
1/n 
(lg-1)
  R2 B1 KT R2 qs E R2 
I 23.47 0.04160 0.999 2.716 0.416 0.946 4.888 0.462 0.994 16.68 1.95 0.827
II 28.810 0.02706 0.992 2.728 0.381 0.973 4.017 0.547 0.985 17.64 1.72 0.887
III 26.738 0.00442 0.999 2.827 0.449 0.918 5.583 0.481 0.990 71.41 2.46 0.644
IV 25.707 0.0397 0.999 2.380 0.457 0.957 5.337 0.381 0.996 90.52 2.46 0.726
V 23.310 0.01058 0.999 2.853 0.345 0.938 3.360 0.712 0.990 141.77 2.65 0.749
 Conditions: [Cr(VI)]: 50-400 ppm, pH 3, 25oC, agitation time: 300 min 
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Fig. 3. Adsorption isotherm of Cr(VI) onto clay's pottery at 25oC and pH 3. 
As seen in Figure 3, Langmuir isotherm is successfully fitted to the adsorption data with a high degree 
of correlation coefficient (see Table 3). Also,  a nonlinear least squares fitting were done using the four 
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models,  it was  found that, all models, except Dubinin and Radushkevich model, can successfully fit to 
the experimental data as depicted in Figure 5.  Values of the mean percentage error calculated using 
equation (3) were 3.16, 4.26, and 2.12, for Langmuir, Freundlich and Tempkin models, respectively. The 
adsorption of Cr(VI) does not fit well using Dubinin and Radushkevich model with low value of R2 
(Table 3). 
However, based on values of the mean percentage error and the R2 value, the linear form of the 
Tempkin and Langmuir isotherms appear to produce a reasonable model for the adsorption of Cr(VI) onto 
raw and modified pottery materials. The numerical value of 1/n <1 indicates that adsorption capacity is 
only slightly suppressed at lower equilibrium concentrations. This isotherm does not predict any 
saturation of the sorbed by the sorbet; thus infinite coverage is predicted mathematically; indicating 
multilayer adsorption on the surface [20]. 
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Fig. 4. Adsorption of Cr(VI) as a function of pH. 
3.3. Effect of pH 
The effect of pH on Cr(VI) removal was studied at pH range 1 - 5, at 25°C and initial Cr(VI) 
concentration 100 ppm. It was found that, the removal of metal ions from aqueous solution by adsorption 
is dependent on the pH of the solution as shown in Figure 4 for raw and modified pottery materials.  It 
was observed that the adsorption of Cr(VI) decreased with increase in initial pH from 1.0 to 5.0. The 
maximum removal was occurred at initial pH 3.0.  
The effect of pH on the adsorption capacity of raw and modified pottery materials may be attributed to 
the combined effect of the nature of the surface, amount of adsorbed Cr(VI) species. To explain the 
observed behavior of Cr(VI) adsorption with varying pH, it is necessary to examine various mechanisms 
such as electrostatic,  chemical interaction and ion exchange, which are responsible for adsorption on 
adsorbent surfaces. At lower pH (pH§ 1) the surface area of the adsorbent was more protonated and 
competitive negative ions adsorption occurred between positive surface and free chromate ion. 
Adsorption of Cr (VI) at pH 3.0 shows the bind of the negatively charged chromium species ( −4HCrO ) 
occurred through electrostatic attraction to the positively charged (due to more H+ ions) surface functional 
groups of the adsorbent. But in highly acidic medium (pH §1 H2CrO4 (neutral form) is the predominant 
species of Cr (VI) as reported by Agrawal [23]. Hence, at pH 1.0 percentage adsorption decreased due to 
the involvement of less number of −4HCrO anions on the positive surface. At higher pH due to more OHí 
ions adsorbent surface carrying net negative charges, which tend to repulse the metal anions (CrO42í) [12]. 
Therefore, maximum removal of Cr(VI) from aqueous solution was achieved at pH 3.0 for all types of 
pottery studied [9]. 
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3.4. Effect of temperature 
Effect of temperature on chromium(VI) removal was studied by agitating 100 ml of 100mg/L solution 
of chromium(VI) at different temperatures (25–55ƕC) for different agitation times till equilibrium is 
attained, and then the filtrate was analyzed for the residual chromium(VI) concentration as described in 
section 2.3. 
The thermodynamic parameters such as Gibbs energy (ΔG), enthalpy (ΔH) and entropy changes (ΔS) 
for the adsorption process can be determined using van’t Hoff equation: 
RT
G
RT
Hbb Δ−=Δ−= 'lnln                                           (13) 
)(1 GH
T
S Δ−Δ=Δ                                                                                (14) 
The enthalpy change (ΔH) is determined graphically by plotting lnb versus 1/T  which gives a straight 
line and the values of ΔG and ΔS computed numerically are presented in Table 4.  
Table 4. Thermodynamic parameters for the uptake of Cr(VI) over pottery 
                       ΔG (kJ mol-1) 
 
 
ΔH 
(kJ mol-1) 
ΔS 
(J K-1mol-1) 
-7.882 -9.709 -11.634 -14.245 54.627 209.15 
Gibbs energy values (ΔG) are small and negative, and increases with increase of temperature. This 
indicated that better adsorption is obtained at higher temperature. Positive value of ΔH may suggest 
endothermic process of adsorption. One possible explanation of endothermicity of the enthalpy of 
adsorption is the well-known fact that Cr(VI) is well solvated in water. In order for Cr(VI) to adsorb, they 
are some extent denuded of their hydration sheath. This dehydration process of Cr(VI) requires energy. 
We assume that this energy of dehydration exceeds the exothermicity of the Cr(VI) attaching to the 
surface. 
The positive value of_ΔS shows the feasibility of adsorption and the increased randomness at the 
sorbent/solution interface during the adsorption of metal ions onto pottery [24]. 
4. Conclusion 
This work shows that Jordanian Pottery materials, are an efficient sorbent for the removal of Cr (VI) 
from aqueous solution and it will be an alternative to more costly adsorbents such as activated carbon. 
The equilibrium data have been analyzed using Langmuir, Freundlich, Dubinin and Radushkevich and 
Tempkin isotherms. The characteristic parameters for each isotherm and related correlation coefficients 
have been determined. Adsorption of Cr(VI) was highly pH-dependent, reaching a maximum (89.1%) at 
pH 3.0. 
The experimental data fitted to Langmuir, Freundlich, Dubinin and Radushkevich and Tempkin 
isotherm models. Comparing the regression coefficient (R2) for the four isotherms, it was found that 
Langmuir is the best with average R2 value of 0.998 followed by Tempkin with average R2 value of 0.991, 
followed by  Freundlich with average R2 value of 0.946, followed by  Dubinin and Radushkevich with 
average R2 value of 0.767. The maximum value of monolayer adsprption capacity is 28.8 mgg-1. 
As a result of thermodynamic parameters calculations, Cr(VI) sorption on pottery was an endothermic 
process.  
It may be concluded that the Jordanian Pottery, being a cheap and easily available material, can be 
successfully used as alternative adsorbent for wastewater treatment process.  
     25oC                 35oC                  45oC                55oC 
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